Recently, a global phase III study demonstrated that nivolumab markedly improved patient outcomes in recurrent or metastatic head and neck carcinoma (RMHNC). However, the efficacy of nivolumab in patients who are ineligible for clinical trials is unknown. We investigated nivolumab efficacy in real-world patients and prognostic factors associated with the response to nivolumab. This study was conducted at 11 institutes associated with Kyoto University and its Affiliated Hospitals-Head and Neck Oncology Group. In total, 93 patients with RMHNC who received nivolumab between May 2017 and May 2018 were retrospectively reviewed. Objective response rate (ORR), overall survival, and progression-free survival (PFS) were evaluated. Univariate and multivariate analyses were performed to identify prognostic factors. The ORRs in patients with squamous cell carcinoma (SCC) and non-SCC were 21.8% and 0%, respectively. In patients with SCC and non-SCC, the 1-year PFS rates were 28.7% and 8.9%, respectively. The hazard ratio (HR) for risk of PFS events (SCC versus non-SCC) was 2.28 (95% confidence interval: 1.21-4.1; log-rank p = 0.007). Univariate and multivariate analyses revealed radiotherapy history, platinum-refractory carcinoma, and treatment-related adverse events (TRAEs) as important prognostic factors associated with PFS in patients with SCC. In a real-world setting, non-SCC and platinum-refractory carcinoma were associated with a poorer prognosis, and a history of radiotherapy to the primary tumor, and the occurrence of TRAEs were associated with a better prognosis. These findings could be useful for clinicians and patients when selecting a treatment strategy.
Introduction
Head and neck carcinoma (HNC) occur in various regions of the head and neck, including the lip, oral cavity, nasal cavity, paranasal sinuses, nasopharynx, oropharynx, hypopharynx, larynx, major salivary glands, and others. More than 600,000 patients are diagnosed with HNC annually worldwide [1] . In Japan, approximately 20,000 patients are affected by HNC annually [2] . Over 50% of patients who present with locoregionally advanced disease experience recurrence within three years [3] [4] [5] . In the Checkmate-141 clinical trial, nivolumab, an anti-programmed death-1 (PD-1) monoclonal antibody, yielded better results than existing chemotherapeutic agents [6] . Based on this trial, nivolumab was approved in March 2017 for the treatment of patients with recurrent or metastatic HNC (RMHNC) in Japan.
Checkmate-141 provided accurate and meaningful results and improved the outcomes of RMHNC treatment. However, more recently, clinical trials similar to Checkmate-141 have been conducted with more strict and complicated eligibility criteria [6] [7] [8] . The eligibility criteria in Checkmate-141 included recurrent or metastatic squamous cell carcinoma (SCC) of the head and neck of the oral cavity, pharynx, or larynx; platinum-refractory carcinoma; an Eastern Cooperative Oncology Group (ECOG) performance-status (PS) score of 0 or 1 [6] ; this study populations represent only a minority of real-world patients. In fact, real-world patients included certain HNC subtypes, such as nasopharyngeal carcinoma, salivary gland carcinoma, and unknown primary carcinoma of the head and neck; non-SCC; non-platinum-refractory carcinoma; an ECOG PS score of 2 or 3. Therefore, the applicability of the clinical trial results to patients with RMHNC who do not precisely fit the eligibility criteria of pivotal clinical trials is unclear because the strict eligibility criteria in Checkmate-141 prevented enrollment of a broad patient population, even though real-world clinical data for those subtypes have been reported [9, 10] .Various treatment modalities are used in HNC, including surgery, chemotherapy, radiotherapy, molecularly-targeted therapy, and immunotherapy [4] [5] [6] [7] [8] [11] [12] [13] ; the sequence and combination of HNC treatments vary, and treatment policies differ greatly depending on the primary site [14] [15] [16] [17] [18] [19] [20] . It is difficult for the strict eligibility criteria of clinical trials to reflect the diversity of real-world treatment strategies. Therefore, accumulating a large amount of retrospective data from patients with RMHNC who received nivolumab therapy in real-world settings would help validate previous observations [21, 22] .
The aim of this retrospective multicenter study was to investigate the efficacy of nivolumab in real-world patients with RMHNC and to identify the prognostic factors for response to nivolumab therapy.
Results

Patient Characteristics
In total, 93 patients with RMHNC who received nivolumab therapy were included in the study; patient characteristics are summarized in Table 1 . Among these patients, 78 had SCC and 15 had non-SCC. The histologies of non-SCC cases included adenoid cystic carcinoma (n = 4), salivary duct carcinoma (n = 3), lymphoepithelial carcinoma (n = 2), adenocarcinoma (n = 2), melanoma (n = 2), sarcoma (n = 1), and synovial sarcoma (n = 1). The median follow-up periods for the 93 patients were 36.7 and 23.0 weeks for monitoring of overall survival (OS) and progression-free survival (PFS), respectively. The median follow-up periods for 78 patients with SCC were 38.4 and 24.7 weeks for monitoring of OS and PFS, respectively. The mean age at nivolumab therapy was 64.9 ± 9.9 years, and most patients were male (79.6%), had a smoking history (62.4%), and had a PS of 0 or 1 (92.5%). Primary tumor sites included the pharynx, oral cavity, larynx, salivary glands, nasal cavity and paranasal sinus, thyroid gland, external auditory canal, and unknown sites; the most common primary site was the hypopharynx. The PD-L1 expression level was examined in 22.6% of patients. Radiotherapy to the primary tumor was administered in 46.2% of patients, and surgery and/or chemotherapy were performed in 53.8% of patients. Of the 93 patients, 36 (38.7%), 50 (53.8%), 38 (40.9%), and 19 (20.4%) had confirmed recurrence or metastasis in the primary site, lymph nodes, lung, and other sites, respectively, including the bone, brain, liver, and adrenal gland. Treatment of recurrent or metastatic tumors prior to nivolumab therapy included chemotherapy, cetuximab, surgery, and radiotherapy. Chemotherapy for RMHNC prior to nivolumab therapy was administered in 65 patients (69.9%), of which 55 (59.1%) received platinum-containing chemotherapy, and 28 (30.1%) did not receive chemotherapy or cetuximab; that is, nivolumab was the first systemic therapy for RMHNC given to these 28 patients. The reasons for selecting nivolumab as the first systemic therapy varied and included renal dysfunction, pancytopenia, poor general condition, and poor response to platinum-based induction chemotherapy. Cetuximab administration for the treatment of RMHNC prior to nivolumab therapy was performed in 30 patients (32.3%). Surgery for RMHNC prior to nivolumab therapy including local resection and neck dissection was performed in 24 patients (25.8%), and radiotherapy was administered in 26 patients (28.0%). Tumor progression or recurrence within six months of the last dose of platinum-containing chemotherapy or residual carcinoma after the last platinum-containing regimen was confirmed in 48 patients (51.6%). No history of platinum exposure throughout all the treatments was observed in one malignant melanoma case. At the time of analysis, 22 out of the 93 patients (23.7%) were still receiving nivolumab. The characteristics of the 78 patients with recurrent or metastatic SCC of the head and neck (SCCHN) are also summarized in Table 1 , and Figure 1 shows the treatment flow in patients with SCCHN. Among the 78 patients with SCCHN, radiotherapy to the primary tumor was administered in 37 patients, among whom 31 received platinum-containing chemotherapy or chemoradiotherapy. Radiotherapy to the primary tumor was not administered in the remaining 41 patients, among whom 21 received platinum-containing chemotherapy. Consequently, administration of platinum agents for the treatment of the primary tumor was performed in 52 patients with SCCHN, among whom 29 received one to three lines of chemotherapy for recurrent or metastatic tumors prior to nivolumab therapy and 23 received nivolumab as the first systemic therapy for RMHNC. There was no history of administration of platinum agents for the treatment of the primary tumor in 26 patients, who received one to three lines of platinum-containing chemotherapy for recurrent or metastatic tumors prior to nivolumab therapy. If we defined platinum-refractory as having a history of administration of platinum agents within the six months prior to nivolumab use, which was an inclusion criterion for the Checkmate-141 study, 44 (56.4%) patients were platinum-refractory, and 34 (43.6%) patients were not platinum-refractory. 
Treatment Efficacy in All Patients Based on Histological Type
The objective response rate (ORR) in all patients was 18.3%; 4.3% and 13.9% of patients achieved complete response (CR) and partial response (PR), respectively. Furthermore, 11.8% of patients had stable disease (SD), and 64.5% had progressive disease (PD); responses were not evaluated in 5.4% of patients ( Table 2 ). The rates of CR, PR, SD, and PD in patients with SCCHN were similar to those in all patients. In contrast, the ORR in patients with non-SCCHN was 0% ( Table 2 ). OS and PFS Kaplan-Meier curves are shown in Figure 2 . At the time of analysis, 25 deaths (32.1% of patients) occurred in the SCCHN group, and 8 deaths (53.3%) occurred in the non-SCCHN group; 52 PFS events (66.7% of patients) occurred in the SCCHN group, and 14 events (93.3%) occurred in the non-SCCHN group. Estimated median OS in all patients and in patients with SCCHN was not reached; that in patients with non-SCCHN was 45 weeks. In all patients, the SCCHN group, and the non-SCCHN group, the estimated 1-year OS rates were 59.0%, 62.6%, and 38.1%, respectively. The estimated hazard ratio (HR) for risk of death in the SCCHN group versus the non-SCCHN group was 2.05 (95% confidence interval: 0.93-4.53; log-rank p = 0.067). In contrast, the estimated median PFS durations in all patients, patients with SCCHN, and patients with non-SCCHN were 17, 25, and 10 weeks, respectively. In all patients, the SCCHN group, and the non-SCCHN group, the estimated 1-year PFS rates were 25.8%, 28.7%, and 8.9%, respectively. The estimated HR for risk of PFS events for the SCCHN group versus the non-SCCHN group was 2.28 (95% CI: 1.21-4.1; log-rank p = 0.007). 
Treatment-Related Adverse Events
The frequencies of treatment-related adverse events (TRAEs) that occurred in patients with SCCHN are summarized in Table 3 . In 80 patients with SCCHN, 28 TRAEs were detected Baseline characteristics between patients with and without TRAEs were not statistically different. Hypothyroidism (n = 5; all grade 2), pneumonia (n = 5; grade 1 in 3 cases, grade 2 in 1 case, and grade 3 in 1 case), and skin toxicity (n = 5; grade 1 in 1 case and grade 2 in 4 cases) were the most frequent TRAEs, followed by adrenal insufficiency (n = 3; all grade 3), colitis/diarrhea (n = 3; grade 1 in 2 cases and grade 3 in 1 case), stomatitis (n = 2; grade 1 in 1 case and grade 2 in 1 case), liver dysfunction (n = 2; grade 1 in 1 case and grade 3 in 1 case), arthritis (n = 1, grade 2), diabetes mellitus (n = 1, grade 2), and renal dysfunction (n = 1, grade 2). Twelve patients who developed TRAEs, including six patients with grade 3 TRAEs, stopped nivolumab treatment; two patients later resumed nivolumab. The median time to onset of TRAEs in all 28 patients was 17.2 weeks (range, 2 to 43 weeks), and those in patients who developed grades 1-2 and 3 events were 14.5 and 27.2 weeks, respectively. The median time to onset of grade 3 TRAEs was significantly longer than that of grade 1-2 TRAEs (p = 0.019, Student's t-test). 
Association between Prognostic Factors and Treatment Efficacy in Patients with SCCHN
The results of the univariate analysis of clinical factors affecting 1-year PFS among patients with SCCHN are listed in Table 4 . Candidate factors that showed a significant association with PFS included a history of radiotherapy to the primary tumor, platinum-refractory carcinoma, and occurrence of TRAEs. The Kaplan-Meier PFS curves stratified by these factors are shown in Figure 3 . The 1-year PFS rate was significantly higher in patients who received radiotherapy to the primary tumor than that in those who received treatments other than radiotherapy (46.3% versus 9.2%, respectively; p < 0.001; Figure 3A ). The 1-year PFS rate was significantly lower in patients with platinum-refractory carcinoma than in those with non-platinum-refractory carcinoma (18.0% versus 43.6%, respectively; p = 0.006; Figure 3B ). The 1-year PFS rate was significantly higher in patients who experienced TRAEs than in those who did not experience TRAEs (53.9% versus 19.0%, respectively; p = 0.002; Figure 3C ). In contrast, the 1-year OS rate was significantly lower in patients with platinum-refractory carcinoma than in those with non-platinum-refractory carcinoma (44.3% versus 84.0%, respectively; p = 0.006). However, there were no significant differences in the 1-year OS rate between patients who received radiotherapy to the primary tumor and those who received treatments other than radiotherapy. (p = 0.068). In addition, there were no significant differences patients with TRAEs and those without TRAEs (p = 0.129).
Multivariate analysis showed that independent prognostic factors included a history of radiotherapy to the primary tumor (HR, 1.95 [95% CI: 1.07-3.55]; p = 0.028; Figure 3A ) and platinum-refractory carcinoma (HR, 0.54 [95% CI: 0.29-0.99]; p = 0.049; Figure 3B ). Occurrence of TRAEs was also associated with a longer PFS (HR, 0.36 [95% CI: 0.17-0.75]; p = 0.006; Figure 3C ). The remaining factors evaluated in this study lost their significance in multivariate analysis. 
Discussion
The current study provided a large amount of efficacy data from a real-world setting. To the best of our knowledge, this is the first retrospective report to investigate the efficacy and prognostic factors of nivolumab therapy in patients with RMHNC in a real-world setting. In real-world settings, we often treat patients with RMHNC who are not eligible for prospective studies, such as Checkmate-141. In the Japanese leaflet for nivolumab, indications for nivolumab include RMHNC; however, the efficacy and safety of nivolumab in patients who have not been treated with platinum-based chemotherapy have not been established. In fact, this study included patients with non-SCC and those with carcinomas of the salivary glands, nasal cavity, paranasal sinus, thyroid gland, external auditory canal, and unknown sites who were not eligible for the Checkmate-141 trial. Thus, the use of nivolumab in patients who did not meet the eligibility criteria for the Checkmate-141 trial was determined by the patient's doctor based on information from the leaflet.
We identified histology other than SCC as a negative predictor of ORR and PFS. No clinical trials have evaluated nivolumab efficacy for patients with carcinomas of the salivary gland, thyroid gland, nasal cavity, and paranasal sinus, which are usually not SCCs. The current series included two cases of mucosal melanoma of the head and neck. Although recent studies reported that immunotherapy for advanced melanoma, including patients with mucosal melanoma, yielded superior OS, PFS, and ORR compared with chemotherapy, specific data for this subgroup of patients have not been reported [23] [24] [25] . The prognosis of patients with head and neck mucosal melanoma remains poor. This tumor type has a very high propensity to relapse, regardless of the radicality of resection and adjuvant treatment administered [26] . Although we identified histology other than SCC as a negative predictor in this study, the number of patients with non-SCC was small, making comparisons between SCC and non-SCC unreliable. Therefore, future clinical studies are needed to determine the efficacy of nivolumab treatment in patients with non-SCC.
Univariate and multivariate analyses of factors associated with outcomes in nivolumab-treated patients showed a significant impact of history of radiotherapy to the primary tumor, suggesting that there may be an interaction between nivolumab and irradiation. Irradiation of the tumor can lead to the liberation of tumor cell-derived antigens, which can be recognized and processed by antigen-presenting cells, resulting in priming of circulating cytotoxic T cells. Inhibition of the PD-1/programmed death ligand-1 (PD-L1) signaling pathway can then enhance the efficacy of irradiation through a cytotoxic T cell-dependent mechanism [27] . We further speculated that radiotherapy plus immunotherapy may generate abscopal effects characterized by tumor regression of untreated metastatic lesions after local radiotherapy [28] [29] [30] [31] . Postow et al. [28] reported a case of the abscopal effect in a patient with melanoma treated with ipilimumab and radiotherapy; this patient exhibited increased tumor-antigen production and cytotoxic T cells after radiotherapy in association with tumor shrinkage. Radiotherapy has a much greater chance of generating tumor cell-derived antigens for stimulation of antigen-presenting cells than surgery, which could result in a better immune-checkpoint inhibitor response to recurrent or metastatic tumors. The abscopal effect has been well described in patients with melanoma treated with anti-PD-1 agents and radiotherapy, but evidence for other malignancies, including HNC, is limited [30, 31] . In mouse models of SCCHN and melanoma, radiotherapy-induced PD-L1 upregulation was observed in tumors and their microenvironments using immune positron emission tomography/computed tomography [32] . In mouse models injected with mouse oral cancer cells, high-dose hypofractionated radiation preserves or enhances anti-tumor immunity and, when combined with anti-PD-1 monoclonal antibodies to reverse adaptive immune resistance, promotes CD8+ cell-dependent primary and abscopal tumor control [33] . Interestingly, a history of radiotherapy for recurrent or metastatic disease was not associated with a longer PFS, whereas a history of radiotherapy to the primary tumor was associated with longer PFS in the current series. The reason was unclear but may be related to the weaker immunogenicity of recurrent or metastatic disease compared with that of the primary tumor.
We identified platinum-refractory carcinoma as an independent negative predictor of both PFS and OS. Rapid progression after platinum-containing chemotherapy has been shown to be associated with worse outcomes. A global phase III study demonstrated that nivolumab improves the prognosis of patients with platinum-refractory, recurrent, or metastatic SCCHN who experience disease progression within six months after the last platinum-containing regimen [6] ; however, in real-world settings, nivolumab is sometimes used as a first-line therapy for RMHNC more than six months after platinum-containing chemotherapy. The current study showed that such patients experienced a better prognosis and a higher probability of response compared with patients treated with nivolumab within six months of the last platinum-containing regimen, which was an eligibility criterion in the Checkmate-141 trial. However, the underlying mechanism for this phenomenon is unknown. Therefore, the use of nivolumab treatment for patients with an interval of greater than six months since the last platinum-containing regimen should be re-evaluated in future clinical trials.
We also found that the development of TRAEs was an independent predictor of a better PFS and was not that of OS. The result for OS may be affected by many survival cases due to the short follow-up period in the current study. Retrospective studies of advanced melanoma and non-small cell lung cancer have shown that PFS and ORR are improved in patients who experienced TRAEs compared with those who did not experience TRAEs [34] [35] [36] [37] . However, similar studies in patients with HNC have not been reported. Recently, a Spanish series of 106 patients with advanced cancer treated with anti-PD-1 agents showed that the patients who developed TRAEs had a significantly better ORR and longer PFS, but not a significantly longer OS [38] . Although only seven patients with SCCHN were included among the 106 total patients in that study, the results of the current series confirmed the findings from the previous study described above, as well as other studies evaluating the association between TRAEs and nivolumab efficacy [34] [35] [36] [37] [38] .
The limitations of the current study included its retrospective design, short follow-up period, and small population; however, this was the largest multicenter cohort of its kind, thereby providing novel findings. Moreover, the expression levels of PD-L1 and other biomarkers, such as p16, were not consistently examined because diagnostic PD-L1 immunostaining was not covered by Japanese public medical insurance until October 2016. To overcome these limitations, further large-scale studies with long-term follow-up should be performed.
Materials and Methods
This study was performed in 11 institutes associated with Kyoto University and its Affiliated Hospitals-Head and Neck Oncology Group (Kyoto-HNOG) in Japan. Clinical data for each patient were retrospectively extracted from medical charts and entered into a database. The database included information regarding patient characteristics, treatment modality, histological findings, and clinical outcomes. Patients with RMHNC who received nivolumab monotherapy between May 2017 and May 2018 were eligible for this study. The clinical stages of all patients at diagnosis of primary HNC were classified based on the 8th edition of the TNM classification [39, 40] . The Eastern Cooperative Oncology Group (ECOG) performance status (PS) was evaluated just prior to administration of nivolumab. Tumor assessment was performed according to the Response Evaluation Criteria in Solid Tumors (RECIST version 1.1). The ORR corresponded to all cases with a CR or PR. Intervals between the date of commencing nivolumab treatment and that of death alone (OS), disease progression, or death (PFS) were calculated for each patient. To identify prognostic factors, candidate factors were selected, including histology, age greater than 75 years, sex, smoking status, ECOG PS, primary tumor site, PD-L1 expression, a history of radiotherapy to the primary tumor, site of recurrent or metastatic tumors, treatment modality used prior to nivolumab therapy, platinum-refractory carcinoma, and occurrence of TRAEs. PD-L1 expression levels were tested using PDL-1 IHC 28-8 assays. Platinum-refractory carcinoma was defined as a carcinoma that progressed or recurred within 6 months after the last platinum-containing chemotherapy regimen or a residual carcinoma after the last platinum-containing regimen. To analyze safety, severe toxicities related to nivolumab therapy (grade ≥ 1 according to the Common Terminology Criteria for Adverse Events version 4.0) were investigated. The data cutoff point for the analyses was 30 September 2018, which was the date of the planned interim analysis. This study was approved by the institutional review board of each participating institution and was led by the Kyoto University Certificated Review Board (ethics code: R1469). Informed consent was not required owing to the retrospective nature of this study.
For statistical analysis, clinical outcomes, including PFS and OS, were estimated using the Kaplan-Meier method, and groups were compared using the log-rank test. Cox proportional hazards regression models were used to determine associations between patient characteristics and PFS outcomes. Multivariate Cox proportional hazards regression was performed for each variable identified as statistically significant by univariate analysis. Results with p values of less than 0.05 were regarded as statistically significant. SPSS software (version 22.0; IBM Corp., Armonk, NY, USA) was used for statistical analysis.
Conclusions
In this report, we demonstrated the efficacy of nivolumab in a real-world setting. The current study provided a large amount of efficacy data in patient types that are relatively less common and thus under-represented in clinical trials. The results of this study suggested that the efficacy of nivolumab in patients with non-SCC was inferior to that in patients with SCC and revealed that a history of radiotherapy to the primary tumor, platinum-refractory carcinoma, and development of TRAEs were important prognostic factors associated with PFS in patients with nivolumab-treated SCCHN. These findings could be useful for clinicians and patients when determining treatment strategy. Considering the limitations of our cohort, future prospective studies are needed to confirm the current findings.
